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ABSTRACT
Observations of radio noise storms can act as sensitive probes of nonthermal electrons
produced in small acceleration events in the solar corona. We use data from noise
storm episodes observed jointly by the Giant Metrewave Radio Telescope (GMRT)
and the Nancay Radioheliograph (NRH) to study characteristics of the nonthermal
electrons involved in the emission. We find that the electrons carry 1021 to 1024 erg/s,
and that the energy contained in the electrons producing a representative noise storm
burst ranges from 1020 to 1023 ergs. These results are a direct probe of the energetics
involved in ubiquitous, small-scale electron acceleration episodes in the corona, and
could be relevant to a nanoflare-like scenario for coronal heating.
Key words: Solar-radio – Solar-coronal heating – Solar-particle emission
1 INTRODUCTION
1.1 Small electron acceleration/heating events in
the corona
Decades after it was discovered that the solar corona is at
a temperature in excess of a million K, there is no con-
sensus on why this is so, despite the fact that it is situ-
ated well above the substantially cooler (≈ 6000 K) photo-
sphere. One of the ideas that has held considerable appeal
is the concept of small events of electron acceleration and
heating arising out of the continuous shuffling and braiding
of coronal magnetic fields. Parker (1988) outlined this idea
and reasoned that the magnetic energy liberated in each
episode is ≈ 1024 ergs, which is around 9 orders of mag-
nitude smaller than that liberated in a typical flare. Such
small energy releases are very difficult to observe directly in
thermal emission . On the other hand, bursts of radio emis-
sion at metric to decametric wavelengths are signatures of
small populations of accelerated, nonthermal electrons in the
solar corona (Ramesh et al. 2012; Suresh et al. 2017). Even
though these bursts involve miniscule numbers of nonther-
mal electrons, the emission process is coherent, resulting in
very high brightness temperatures, which makes them easily
observable. Much of the research on nanoflares has concen-
trated on examining how an ensemble of such events can lead
to observed temperature profiles in coronal loops (Klimchuk
& Cargill 2001; Ishikawa et al. 2017; Tripathi et al. 2010;
? E-mail: tomin.james@students.iiserpune.ac.in
Testa et al. 2014). There have also been several MHD and
hybrid particle/MHD simulation studies demonstrating how
continually tangling coronal magnetic fields can provide po-
tential sites for magnetic reconnection where electrons can
potentially be accelerated and account for local plasma heat-
ing (Arzner & Vlahos 2004; Sharma et al. 2017; Guerreiro
et al. 2015, 2017; Knizhnik et al. 2018). Electrons acceler-
ated in such small reconnection episodes can often escape
from the corona along open field lines, emitting type III ra-
dio emission and be detected in-situ by near-earth spacecraft
as impulsive electron bursts (James et al. 2017).
1.2 Radio noise storms - sites of electron
acceleration
In this paper, we focus on radio noise storms, which are the
archetypal example of electrons accelerated in small epis-
odes outside of large flares (Klein 1995, 1998). This kind
of emission is believed to be caused by accelerated electrons
trapped in coronal arches above active regions. Studying the
energetics of nonthermal electrons responsible for radio noise
storms provides a unique way of probing episodes of small
scale electron acceleration and their possible relevance to the
problem of coronal heating.
The first reported detection of solar radio noise storms was
probably during the second world war in 1942 by English
radar stations. They were wrongly interpreted as enemy at-
tempts to jam radar signals, and it was only subsequently
© 2018 The Authors
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2 T.James et al.
recognized that they originated from the solar corona (Hey
et al. 1946). Noise storms (also referred to as type I emission)
consist of a long-lived broad-band continuum (∆ f / f ∼ 1)
together with narrowband bursts. Type I bursts have dura-
tions 6 0.5 s and bandwidths of ∆ f / f ∼ 3%. Although noise
storms have been studied extensively using whole Sun dy-
namic spectra (Elgaroy 2016; Kerdraon 1979; Thejappa &
Kundu 1991) there are not many instances where they have
been imaged. Mercier et al. (2006, 2015) combined data from
the Nancay Radioheliograph (NRH) with data from the Gi-
ant Metrewave Radio Telescope (GMRT) to obtain meter
wavelength images of unprecedented resolution and fidelity.
In this paper, we will use information on the fine structure
of noise storm events from NRH-GMRT images reported
by Mercier et al. (2015), together with high time resolution
lightcurves from the NRH. We will use parameters derived
from these detailed observations in the particle acceleration
framework of (Subramanian & Becker 2004, 2006) to derive
the fraction of nonthermal electrons (as compared to the
thermal populations) that are involved in the noise storm
emission process. We will also estimate the power input to
the accelerated electrons that produce the noise storm emis-
sion and compare it with the heating requirements in the
corona.
2 DATA ANALYSIS
2.1 Noise storm lightcurves
In this paper, we concentrate on the four well observed noise
storm events reported by Mercier et al. (2015) using data
from the NRH and the GMRT. They include 327 MHz ob-
servations from 08:44 - 09:15 UT on Aug 27 2002, 327 MHz
observations from 11:39 - 12:15 UT on Aug 14 2004, 236
MHz observations from 10:44 - 11:15 UT on Jul 15 2003 and
from 11:34 - 12:03 UT Apr 06 2006. The high resolution,
high dynamic range images from these joint observations re-
veal the details of the fine spatial structure of the emission
region(s), together with any extended emission they might
be embedded in. We refer the reader to Mercier et al. (2015)
for further details. The NRH-GMRT high resolution images
give us reliable estimates of the smallest source size in each
instance. However, the integration times for these images
were limited by the GMRT, which can be as long as 2 - 17
seconds. We therefore use high time resolution data (time
cadence of 0.125 seconds) from the NRH alone to study the
detailed temporal behavior of the noise storm sources. In
each instance, we concentrate on the compact noise storm
source reported in Mercier et al. (2015) and use (high time
resolution NRH) data corresponding only to the observation
frequency and time range for which the joint NRH-GMRT
observations were carried out. The details are listed in table
1. The 327 MHz noise storm lightcurve from our observations
on Aug 27 2002 is shown in Fig 1 as an illustrative example.
As is typical for noise storms, the high time resolution light-
curves reveal a series of spiky, short duration bursts super-
posed on a (relatively) slowly varying continuum envelope
(Fig 1). In each instance, we first subtract the slowly varying
envelope to obtain the detrended lightcurves shown in Figs
1[d]. We start with a peak finding algorithm which marks
the local maximums(hills) and minimums(valleys) (Fig 1a).
We use the valley positions to fit a polynomial interpolation
function to obtain the background trendline. By using this
approach we were able to trace both the global and local
undulations of the light curve (Fig 1(b,c)). Each point of
the the burst is subtracted from this trendline to obtain the
background subtracted lightcurve. We fit a gaussian to each
of the background subtracted bursts to obtain distributions
of amplitude,burst widths, and time between two adjacent
bursts (Fig 1d). We use the peak flux from these lightcurves,
together with the smallest source size estimates from Mer-
cier et al. (2015) to obtain an upper limit on the brightness
temperature of the noise storm emitting source. This quant-
ity is listed in Table 2 for each noise storm event . The high
values of the brightness temperatures are clear evidence of
the nonthermal nature of the emission.
2.2 Type I bursts - histograms of burst
amplitude, width and inter-burst time
In order to identify type I bursts from the lightcurves, we
identify peaks by finding zero crossings in the slope. An in-
dividual burst is defined as one which has a peak and two
adjoining valleys. We fit a Gaussian function to each such
burst to determine its amplitude and width. This enables
us to construct frequency histograms of burst amplitudes,
widths and inter-burst separation for each observation (Fig
3 and Fig 4) .
The peak amplitude histograms we obtain are sim-
ilar to the ones shown in Mercier & Trottet (1997). In each
instance, we fit a a power law of the form dN/dA ' Aα, where
A is a measure of the amplitude, dN is the number of events
recorded between A and A+dA and α is the slope of the
dN/dA curve on a log-log plot. The results are shown in Fig 2.
The power law indices lie in the range −5.2 < α < −1.6 (Table
2). Strictly speaking, if these small scale heating events are
the primary contributor to steady-state coronal heating, it is
necessary that α < −2 in order to avoid a situation where the
total energy diverges (Hudson 1991). Our findings may be
contrasted with the range −3.5 < α < −2.8 found by Mercier
& Trottet (1997),Ramesh et al. (2012) and Iwai et al. (2013,
2014). Suresh et al. (2017) found that α = −2.23 for very
small energy releases observed with the Murchison Widefield
Array. Recent simulations show that the energy released in
small reconnection events in the corona also obey power law
statistics (Knizhnik et al. 2018).
Since we have fitted Gaussian profiles to each indi-
vidual burst, we are in a position to construct histograms of
burst widths (which is estimated from the Gaussian fits) and
for the interval between bursts (which is defined as the in-
terval between two successive peaks). These histograms are
shown in Fig 3 and Fig 4. In order to interpret the results
in terms of a theoretical framework for electron accelera-
tion, we need average values for the burst duration and the
inter-burst interval. The histograms for the burst width are
somewhat skewed towards high values. An appropriate func-
tion to describe such a distribution is the inverse Gaussian
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(a) The light curve for the noise storm event of Aug 27 2002 with the local
maxima and minima marked. We use a differential peak finder algorithm
to locate the maxima and minima.
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(b) The locations of local minima in Fig 1a are used to construct
the background trendline, which is marked in black.
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(c) A closeup of the lightcurve displayed in Fig 1b. It is evident that
the trendline accurately traces both global and local features.
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(d) The background-subtracted lightcurve with gaussian fits to each of
the burst overplotted
Figure 1. Background subtracted spikes for all the events are shown. Each burst is fitted with a Gaussian to extract the peak amplitude,
burst width and inter-burst times.
function:
f (x; µ, λ) =
[
λ
2pix3
]1/2
exp
{−λ(x − µ)2
2µ2x
}
(1)
Here, µ (> 0) is the mean and λ (> 0) is the shape parameter.
The fits are denoted by the black lines superposed on the
histograms in Fig 3. On the other hand, the inter-burst time
histograms are not as skewed, and an appropriate function
to fit them is the Gamma distribution given by
f (x;α, β) = β
αxα−1e−βx
Γ(α) , (2)
where α (> 0) is the shape parameter, β (> 0) is the scale
parameter and Γ(α) is the complete Gamma function. The
mean of this distribution is α/β. The fits are shown in Fig 4.
The mean values of the burst-width and inter-burst duration
are listed in columns 3 and 4 respectively of Table 2.
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(a) 2002 Aug.27 (b) 2003 Jul.15
(c) 2004 Aug.14 (d) 2006 Apr.06
Figure 2. Histograms of occurrence frequency versus flux for each of the noise storm episodes we study. The power law fit is shown by
the black curve.
3 ENERGETICS OF ACCELERATED
ELECTRONS
3.1 Background
One of the main objectives of our work here is to use our
observations to estimate the power in the accelerated elec-
trons responsible for radio noise storm emission. This kind
of emission is due to coherent plasma emission from acceler-
ated (also frequently called nonthermal) electrons. The ac-
celeration process responsible for producing these electrons
is not very well understood; it could be due to en ensemble of
weak shocks produced by emerging flux (Spicer et al. 1982;
Benz & Smith 1987) or due to acceleration in reconnection
sites arising from magnetic flux emergence (Bentley et al.
2000; Li et al. 2017). In either scenario, the electrons are
likely subject to a second order Fermi acceleration-like pro-
cess. Reflections from shrinking magnetic islands produced
during reconnection can also result in a first order Fermi-
like acceleration process (Drake et al. 2006). A typical noise
storm emitting region contains a large number of acceler-
ation regions. There are a large number of scattering cen-
ters within an acceleration region, and electrons gain en-
ergy over repeated interactions with these scattering cen-
ters. Subramanian & Becker (2004, 2006) have applied a
second order Fermi acceleration mechanism to analyze the
energetics of electrons responsible for noise storm continua.
However, they used the ratio of the acceleration timescale
to the residence timescale as a free parameter. We use the
high temporal resolution light curves to constrain the follow-
ing important free parameters in the model: the acceleration
timescale (taccel), which is interpreted as the time between
bursts and the residence time of the electron (τ) in the ac-
celeration region, which is interpreted as the burst duration.
The inter-burst timescale is representative of the lifetime of
an individual acceleration region, while the duration of a
MNRAS in press, 1–10 (2018)
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Figure 3. Histograms for burst widths. The widths are obtained by fitting a gaussian to each burst in the noise storm lightcurve.
burst is indicative of the time an electron spends in the ac-
celeration region over the numerous collisions it suffers with
scattering centers inside the acceleration region. The dimen-
sions of the noise storm emission region are determined from
the high resolution NRH+GMRT images.
For the sake of completeness, we recapitulate the
essential features of the model from Subramanian & Becker
(2004). The electrons are assumed to be subject to a generic
stochastic acceleration process described by
∂ fG
∂t
=
1
p2
∂
∂p
(
p2D ∂ fG
∂p
)
+
ÛN0 δ(p − p0)
p20
− fG
τ
, (3)
Equation (3) expresses the evolution of the Green's
function for the electron distribution ( fG) as a consequence
of diffusion in momentum space due to stochastic interac-
tions with scattering centres (first term on the right hand
side), injection of electrons at a momentum p0 (second term
on the RHS) and escape from the acceleration region (third
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Figure 4. Histograms of the inter-burst duration. The Inter-burst duration is defined as the time duration between two adjacent peaks
in the noise storm lightcurve.
term on the RHS). Noise storms typically last for timespans
ranging from a few hours to days. The emission comprises a
series of short-lived bursts (typical durations are a fraction
of a second), superposed on a relatively steady continuum.
We focus here on the steady-state solution of equation (3).
In other words, we concentrate on timescales much longer
than acceleration or residence timescales; this can be taken
to mean that we address the energetics of the noise storm
continuum. Assuming that the properties of the continuum
arise from a superposition of several individual bursts, we
derive average properties of the individual bursts.
With a momentum diffusion coefficient given by
(Ptuskin 1988; Chandran & Maron 2004; Miller et al. 1996;
Luo et al. 2003)
D = D0 p2 , (4)
the steady-state (∂/∂t → 0) solution to the Green's function
is (Subramanian et al. 1999; Subramanian & Becker 2004,
2006).
fG (p, p0) = A0

(p/p0)α1 , p ≤ p0 ,
(p/p0)α2 , p ≥ p0 ,
(5)
The exponents α1 and α2 are related to D0 and τ
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via
α1 ≡ −32 +
( 9
4
+
1
D0τ
)1/2
, α2 ≡ −32 −
( 9
4
+
1
D0τ
)1/2
, (6)
The acceleration timescale is related to D0 via
taccel =
1
8D0
. (7)
Equation (5) is a solution for the Green's function
(i.e., a solution for injection of electrons at a single mo-
mentum p = p0 into the acceleration mechanism). It does
not include losses, but we can expect net acceleration only
when the acceleration timescale (Eq 7) is shorter than the
loss timescale. For electrons emitting Langmuir waves, the
relevant loss timescale is the Coulomb loss timescale. Ac-
cordingly, net acceleration is possible only for p > a crit-
ical momentum pc = 1.64 × 10−21 (ne/D0)1/3, where ne is
the background (thermal) electron density. Since we assume
the observed emission to be (fundamental) plasma emis-
sion, the background electron density corresponds to the
plasma level from which the emission originates. In other
words, ne = (1/81) × 106 f 2 cm−3, where f is the observing
frequency in MHz. For an observing frequency of 327 MHz,
ne = 1.3×109 cm−3, while ne = 6.8×108 cm−3 for an observing
frequency of 236 MHz. Given that noise storms typically oc-
cur over active regions, these values are typical. Assuming
that electrons from the tail of the thermal (Maxwellian) elec-
tron distribution (with p > pc) are subjected to net accel-
eration, Subramanian & Becker (2004) obtain the following
expression for nonthermal electron distribution function ( f ),
which is a convolution of the Green’s function ( fG) with the
tail of the thermal Maxwellian distribution for p > pc :
f (p) =
ne
{
ξα1/2 Γ
(
− α12 , ξ
)
− ξα2/2
[
Γ
(
− α22 , ξ
)
− Γ
(
− α22 , ξc
)]}
√
2pi (mekT)3/2 (α1 − α2)D0 τ
,
(8)
The moments of the distribution function ( f ) describing the
nonthermal/accelerated electrons are as follow. The number
density (n∗) of nonthermal electrons is given by
n∗ (cm−3) =
∫ ∞
pc
p2 f (p)dp (9)
and its energy density is
U∗ (erg cm−3) =
∫ ∞
pc
 p2 f (p)dp = 1
2me
∫ ∞
pc
p4 f dp , (10)
where me is the electron mass,  ≡ p2/2me is the electron
kinetic energy. Consequently, the expression for the ratio of
the nonthermal electron density (n∗) to the thermal one (ne)
is
n∗
ne
=
2 ξ (3+α1)/2c Γ
(
− α12 , ξc
)
√
pi (3+α1)(α2−α1)D0 τ
+ 2 e−ξc
(
ξc
pi
)1/2
+ Erfc
(
ξ
1/2
c
)
, (11)
where ξ ≡ p22mekT and ξc ≡
p2c
2mekT . The ratio of the energy
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Figure 5. A scatterplot of burst width (τ) and the inter-burst
time interval (taccel). In all cases, τ/taccel < 4/5
density in the nonthermal electron population (U∗) to that
in the thermal population (nekT) is
U∗
nek T
=
2 ξ (5+α1)/2c Γ
(
− α12 , ξc
)
√
pi (5+α1)(α2−α1)D0 τ
+
2
√
piξc (3+2 ξc ) e−ξc+ 3 pi Erfc
(
ξ
1/2
c
)
2 pi(1−10D0 τ) . (12)
Here T is the temperature of the thermal electrons, which
we assume to be 1 MK. It is also instructive to calculate
the brightness temperature Tb of the noise storm radiation,
which is defined by
Tb = 1.22 × 1010
S
f 2θφ
, (13)
where S is the flux in sfu, f is the observing frequency in
GHz, and θ and φ are the source dimensions in arcseconds.
This is essentially the “equivalent” blackbody temperature
of the observed radiation in the Rayleigh-Jeans limit (which
is applicable at radio frequencies). We take the highest value
in the light curve for S and the smallest source dimensions
from Mercier et al. (2015), so as to calculate the peak bright-
ness temperature. The values are tabulated in 2. The high
values of the brightness temperature (in comparison with
the temperature of the solar corona, that is only as high as
a few million K at most) are indicative of the fact that the
observed radiation is nonthermal.
3.2 Results and discussion
3.2.1 Noise storm continua
For each noise storm episode, the mean value of the burst
duration (column 3 of Table 2 ) is identified with the mean
residence time in the acceleration region (τ). The mean value
of the inter-burst duration (column 4 of Table 2) is identified
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Table 1. Details of the noise storm events studied.
Date Observation Observation frequency Smallest source Derived Heliocentric
timerange (MHz) size Distances (R)
(UT) (arcsec)
2002 Aug.27 08:44-09:15 327 31 1.20
2003 Jul.15 10:44-11:15 236 57 1.24
2004 Aug.14 11:39-12:15 327 45 1.21
2006 Apr.06 11:34-12:03 236 35 1.28
Table 2. Observed parameters of the noise storms.
Date Number of Average Average Brightness Powerlaw index
bursts duration of inter-burst Temperature amplitude
detected bursts (s) interval(s) (K)
2002 Aug.27 4681 0.20 0.41 3.34x108 -3.86
2003 Jul.15 3764 0.22 0.42 8.84x108 -3.76
2004 Aug.14 4617 0.21 0.40 6.37x108 -5.20
2006 Apr.06 2968 0.27 0.50 1.24x1010 -1.67
Table 3. Derived parameters for the noise storm continua.
Date α1 α2 U∗/nekT n∗ne U∗/n∗ (2/3)ξc
(erg per electron)
2002 Aug.27 2.76 -5.76 6.55x10−7 8.47x10−9 1.29x10−8 13.26
2003 Jul.15 2.66 -5.66 2.76x10−4 5.32x10−6 8.71x10−9 8.85
2004 Aug.14 2.67 -5.67 8.69x10−7 1.14x10−8 1.27x10−8 13.05
2006 Apr.06 2.65 -5.65 6.91x10−5 1.10x10−6 1.01x10−8 9.90
with the mean acceleration timescale (taccel). A scatterplot
of τ versus taccel (Fig 5) shows that the ratio τ/taccel < 4/5,
as it should be, in order for the non thermal electron energy
density U∗ to remain finite (Subramanian & Becker 2006).
Since the acceleration timescale is related to the quantity
D0 via Eq 7, we can arrive at values for α1 and α2 (Eq 6) for
each event. These values are listed in columns 2 and 3 re-
spectively of Table 3. Our knowledge of α1 and α2 enables us
to calculate the ratio of the nonthermal electron density to
the thermal one (n∗/ne), the energy density of the nonther-
mal electron population (U∗), the ratio of the energy dens-
ity in the nonthermal electron population to the thermal one
(U∗/(nekT)) and the energy per electron (U∗/n∗) for each ob-
served instance of the noise storm continuum. These quant-
ities are listed in table 3. We recall that only electrons (from
the thermal pool) beyond a critical energy are subjected to
net acceleration. The quantity (2/3)ξc ≡ (p2c/2me)/(3/2)kTe,
also listed in table 3, is a measure of how far removed this
critical energy is from the energy characterizing the bulk
thermal electrons.
3.2.2 Noise storm bursts
We have discussed results pertaining to the noise storm con-
tinua so far. Assuming that the continuum is an aggregate of
several individual noise storm bursts, we now discuss proper-
ties of a representative individual burst. We use the smallest
observed source size for each event to calculate the volume
(V) of the noise storm emission region. In order to do this,
we use V = L3, where L is the spatial extent corresponding
to the source size in arcsec listed in column 3 of Table 1. This
enables us to calculate the power supplied to the accelerated
electron population (P). To find the energy (E) contained by
the electrons involved in a (representative) single burst us-
ing we multiply the power (P) with the total duration of the
noise storm observation and divide by the number of bursts:
P = V
dU∗
dt
= t−1accel V U∗ erg s
−1 ,
E = P
duration of event
number of bursts
erg (14)
The values of P and E for each noise storm episode are listed
in column 2 and 3 of table 4. It is instructive to compare the
nonthermal energy density per burst with the corresponding
energy density in the thermal population. The nonthermal
energy density per burst is calculated by dividing the total
energy per representative burst (E, column 3 of table 4) by
the volume (V) of the emission region. This quantity is listed
in column 4 of table 4. We assume that the ratio of nonther-
mal to thermal energy in the bursts is the same as that for
the continuum (column 4 of table 3). For each event, we
divide the number in column 4 of table 4 by the correspond-
ing number in column 4 of table 3 to estimate the thermal
energy density “per burst”. Evidently, the thermal energy
density exceeds the nonthermal energy density by three to
seven orders of magnitude.
4 CONCLUSIONS
Several numerical MHD studies suggest that the constant
shuffling of field lines will lead to the formation of an en-
semble of small-scale current sheets and Alfvenic scatter-
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Table 4. Parameters of a representative burst
Date Power in electrons Energy in accelerated Nonthermal energy Thermal energy
(erg s−1) electron population density per burst density per burst
per burst(erg) (erg cm−3 ) (erg cm−3 )
2002 Aug.27 4.03x1021 7.24x1020 0.63x10−7 0.10
2003 Jul.15 3.35x1024 8.06x1023 1.69x10−5 0.06
2004 Aug.14 1.67x1022 3.70x1021 1.06x10−7 0.12
2006 Apr.06 2.61x1023 7.39x1022 4.52x10−6 0.07
ers all over the solar corona (Kumar et al. 2014; Kumar
& Bhattacharyya 2016; Pisokas et al. 2018); the number of
current sheets per active region could be as large as 100,000
(Klimchuk 2015). It is reasonable to expect that electrons
interacting with magnetic scattering centers within such cur-
rent sheets will lead to plasma heating and electron accel-
eration. This is the general expectation of coronal heating
models that rely on the nanoflare scenario. However, there
are few observationally based estimates of the energetics of
such small electron acceleration episodes. We concentrate
here on radio noise storms, which are the most common-
place instances of electron acceleration in the solar corona
outside of large flares. They are typically observed above
active regions, and last for several hours to days. The noise
storms we have observed comprise a train of spiky bursts
with average durations of 0.20 to 0.27 seconds,if superposed
on a background continuum. The average inter-burst inter-
val ranges from 0.4 to 0.5 seconds. We use high resolution
imaging data for four noise storms observed jointly by the
GMRT and the NRH, together with high temporal resolu-
tion data from the NRH. The high brightness temperatures
of the emission (≈ 108 – 1010 K) are suggestive of an origin
involving nonthermal/accelerated electrons. We use these
data to constrain parameters of a model for stochastic ac-
celeration of electrons (Subramanian & Becker 2004, 2006).
The inter-burst interval is interpreted as the electron accel-
eration timescale, while the burst duration is interpreted as
the residence time of a typical electron in an acceleration
region. The high resolution images provide information on
the spatial extent of the noise storm emission region, which
helps us arrive at an upper limit on the volume of the accel-
eration region.
We find that the occurrence frequency of the bursts
is related to the burst amplitude via a power law, whose in-
dex ranges from -1.6 to -5.2 (table 2). We find that the non-
thermal electrons are a very small fraction of the thermal
population in all cases - the fraction ranges from 10−9 to
10−6 (table 3). Similarly, the energy density in the nonther-
mal electron population per burst is only ≈ 10−7–10−3 times
that in the thermal population. This may be contrasted
with the“cold” small acceleration events studied by James
et al. (2017), where the lack of soft Xray emission associated
with their events implies that the acceleration process pro-
duced mostly nonthermal electrons (and very few thermal
ones). We find that the power expended in accelerating the
electrons responsible for a representative noise storm burst
ranges from 1021 to 1024 erg s−1 and the energy contained
in the accelerated electrons that produced a representative
burst ranges from 1020 to 1023 erg (table 4). These numbers
suggest that noise storm bursts (often called type I bursts)
could be important contributors to active region coronal
heating. It may be kept in mind that the numbers quoted
for the energy per nanoflare in most discussions refer to the
amount of magnetic free energy released per nanoflare epis-
ode. This is distinct from the energetics of the nonthermal
electron population responsible for such an episode, which is
what we are concerned with in this work. Only some of the
magnetic free energy is expended in accelerating and heat-
ing electrons, which eventually radiate. Since the efficiency
of conversion from magnetic energy to nonthermal electrons
is likely very small, we would expect the accelerated electron
population to only contain a small fraction of the magnetic
energy liberated in each nanoflare episode.
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